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ABSTRACT 



Process for preparing shaped bodies of thermoplastic 
polymers by means of extrusion, injection, or spin mold- 
ing of granules having a length within the range.offrom 
2 to 100 mm, obtained by cutting a continuous calen- 
dered filament constitutedby-a bundlepf fibres impreg- 
nated with a thermoplastic polymer iiupowder form and 1 
coated with an outer sheath constituted by v a thermo- 
plastic polymer which is the same as, or different from, 
the polymer which constitutes said powder, and having 
a melting point equal to or higher than the powder 
polymer. 

20 Claims, No Drawings 
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possible considerably higher mechanical properties 

P ROCE SS FOR PREPARING SHAPED BODIES OF than of short-fibre composites, to be obtained. 

THERMOPLASTIC POLYMERS REINFORCED Unfortunately, the use of long-fibre thermoplastic 

WITH LONG FIBRES composites in the preparation of articles endowed with 

5 high physical-mechanical characteristics, requires spe- 

The present invention relates to a process for prepar- cial processing techniques in order to obtain a horaoge- 

) ing shaped bodies of thermoplastic polymer reinforced neous distribution of the fibre in the end article of manu- 

with long fibres, facture. 

More particularly, the present* invention relates to a Aiming at simplifying these processing techniques, 

process for preparing shaped bodies by means ofextm- 10 processes for preparing long-fibre thermoplastic com-, 

sion, injection molding or spin molding of thermoplastic pos j tes m the form of semi-finished articles, to be used in 

polymeric blends reinforced with long fibres., injection molding, were proposed in the relevant tech- 

In many applications, hysterically dominated by arti- literature, 

cles of metal materials, the use is presently being pro- ^ us> p at ' N<x 3,862,287, disclosed is the prepara- 

posed of composite materials which are constituted by a 15 don of i ong . fibre composites by causing unitary and 

polymeric matrix and an inorganic reinforcer means, continuous fibres to run through a fluid bed constituted 

above aU fibergass or carbon J&res. , . by a thermoplastic polymer powder, with the fibres 

Botft tnennoplastic and thermosetting polymeric being consequently impregnated. The fibres are subse- 

composites, reinforced jith co^m^sfibres, resulted fl collected into a bundle, and are heated to such 

to be particularly suitable fora^taSfioS in which the 20 a temperature to ^ the ol t0 fl with tne 

fabncataon technology is pultrusioj compression mold- same fibfes bein consequently coated, 

mg or mament wrndrng, because the mechanical prop- ^ bundle J^g^^ fibres ^ t^p^ 

erties which can be o toned in that way are very lugL ^ . hen ^ * 6 £ 

r In fact, m these composites the matrix essentially acts in , * , . - . . inia „ t ? , , . 

"N order to keep the fibres, which secure most of mechani- 25 „ . M 

<cal properties, bonded to each other. > ; An ^temtive method is disclosed in U.S Pat. No. 

C Gently, continuous-fibre composites with thermo- 4 ' 559 ' 2 * 2 ' tt" * * fibre ? * 

t plastic matrix were successfully adopted, because they c * used * ^ *" on & h * bath constituted by a molten 

\revent typical problems of thermosetting polymers, themoplast^polymer, m a continuous process of melt 

>ch as the presence of solvents, with corresponding 30 P^trusion. The bundle is then cut into suitable portions 

/problems of environmental character, and imposabiHty for injectira molding 

(of recycling them « 11 be observed that this process results to be 

A particularly advantageous method in order to ob- critica1 ' m that * squires the use of thermoplastic, pref- 

tain continuous-fibre thermoplastic composites^consists erabIv semi-crystallme, polymers having a lower viscos- 

in impregnating a bundle of fibres w ith .thermoplastic 35 j tv than as is conventionally regarded as being suitable 

powders and covering said impregnated bundle with an m order t0 0Dtain satisfactory mechanical properties, 

also thermoplastic sheath, as reported in U.S. Pat No. ^ methods disclosed hereinabove make it possible 

4 614 678. for semi-finished articles to be obtained which are easily 

' The resulting semi-finished article has the appearance processed in extruders <and suitable for injection mold- 

of a flexible filament, particularly suitable for weaving 40 m S» thanks to the intimate distribution of the polymer 

operations and subsequent fabrication. on each fibre of th* reinforcer material also when the 

A further advantage of the just mentioned technique latter & a * on 6 ^ re i ^ ut m unsuitable for preparing, at 

consists in the possibility of using, as the sheath and as least w ith sim pte, hence commercially interesting tech- 

the powder, two polymers which can be different from nologies, composites or semi-finished articles in which 

each other from both viewpoints of their molecular 45 the thermoplastic matrix consists of two heterogeneous 

weight and their chemical nature, so as to optimize the polymers. 

end characteristics of the manufactured article. The present Applicant has found now a process in 
Short-fibre composites, generally with fibres shorter order to prepare articles of long-fibre reinforced plastic 
than 2 mm, are, on. the contrary, commonly used in materials reinforced which, by using special long-fibre 
applications for technical articles in which very high 50 composites in which the thermoplastic matrix is a blend 
characteristics are not required. The most widespread of two polymers, makes it possible the drawbacks 
molding technologies are injection molding, extrusion, which affect the prior art to be overcome, 
and so forth. Therefore, the subject-matter of the present invention 
Also long- fibre com posites are available^ in which the is a process for preparing shaped bodies by extrusion, 
length of tfle iibres etCe^ds 1 2 mm, and generally is 55 injection molding, or spin molding of composites, con- 
comprised within the range of, from 2 to 150 mm. The sthuted by thermoplastic polymeric blends reinforced 
mechanical performances which can be obtained with with lon g fibres , obtained by means of a process which 
these materials are of an intermediate level, because comprises: 

they are lower than of c ontinuous-fibre co mposites and a) impregnating, with a thermoplastic polymer pow- 

higher than of short-fibre composites. In fact, it is well- 60 der; an open bundle of contiguous, parallel, fibres; 

known that long enough fibres can display Nearly' as b) getting together the so impregnated fibres, in order 

good reinforcer characteristics as continuous fibres, as to form a continuous filament; 

reported by M. G. Bader in the chapter "Reinforced c) coating the resulting powder-impregnated filament 

thermoplastics" in the text "Handbook of Composites", with a continuous^outer sheath constituted by a 

Volume 4, editors A. Kelly and S. T. Mileiko, published 65 thermoplastic polymer equal to or different from, 

by Elsevier, New York, 1983, because, even if the the polymer wjnch constitutes said powder and 

length of the fibres decreases during the processing having the same, or a higher, melting point than 

step, such a long-fibre traction remains as to make it that; 
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d) calendering the resulting filament at a temperature The temperature is increased up to values close to the 
approximately equal to the polymer powder soften- powder polymer softening point In the case of amor- 
ing temperature; phous polymers, the temperature of the semi-finished 

e) cutting the calendered filament into granules hav- article is increased up to value higher than the glass 
ing a length comprised within the range of from 2 5. transition temperature, by a high enough increment in 
to 100 mm. order to cause the powder to flow on the fibres. On the 

In the process according Jo the present invention, any contrary, when crystalline or semi-crystalline are used, 

types of fibres can be used. Fibres of inorganic nature, reaching higher temperatures than the melting point is 

^ such as E or S fiberglass or carbon fibres, or fibres of preferable. 

organic character, such as poly(p-phenylene tercphthal- 10 As regards the cutting, any types of cutting units can 

amide) fibres, be used in the process according to the present inven- 

In an analogous way, for the sheath and the powder tj 0IL The cutting process can be carried out online with 

used in order to impregnate the fibres, any kinds of the calendermg step, or it may be carried out separately, 

thermoplastic polymers can be used. Illustrative, non- according to the process requirements. The size of the / 

. limitative examples are: polyethylene; copolymers of 15 peu e t & comprised within the range of from 2 to 100 ( 

^Jl polyethylene with vinyl acetate; polypropylene; poly- . mmt pre ferably of from 2 to 15 mm, in order to obtain-* 

^ styrene; styrene copolymers, suciras ABS and SAN; a j) e u et w hi c h is endowed with good processabilityA 

polymethacrylates, such as poly(methyl-methacryIate); characteristics according to the techniques mentioned ) 

polyainides,suchaspolyamide6(PA-Q,polyairiide6,6 hereinabove (injection, extrusion and spin molding)/ 

(PA-6,6), polyamide 4;6^(PA^4,6), polyamide 12 (PA- and> simultaneously, long enough fibres in order to have' 

12), polyamide 1 1 (PA-1 1), and so forth; aliphatic poly- a i on g.fib re composite. 

ester resins, suc^aspoly^thylene terephthalate), pbly(- In ^ following, some illustrative examples are re- 

butyleire'ter^hthalite), polyethylene naphthalene di- orted whicn m n0 do ^ ^ scope of Ae res . 

carboxylatejand so on; aromatic polyester resins, such ent mvent i orii 
as polyarylatesrthermotropic liquid-crystal polyesters, 

and so forth; polycarbonates; polyether imides; polysul- EXAMPLE 1 

fones; polyether sulfones; pply(vinyl chloride);- pb'ly(- Continuous filaments were prepared by using the 

vinylidene chloride); poly(vinyl-fluoride); poly(vinyli- game precede aTdisclosed in example 1 of U.S. Pat. 

dene fluoride); polytetrafluoroethylene; ethylene-tn- ^ ^ Q 4gi4 67g 

cWorofluoroethylene copolymers; polyacetals/ and so p or ' ^ sheath a polyainiae desigllated -rilSAN", 

!!?' ... , „, . manufactured by Atochem was used, and as the poly- 

The ratio of the mat™ to the fibre can be adjusted mer der a po , yamide . 6 desi g„ a ted Orgasol, also 

both by operating on the percent powder level, and by ^ b Atodle was ^ 

fdjustmg the thickness of the sheaft However, operat- 35 As ^ flberglasS) a pfoduct manufactured by Owens 

\a C mg with a fibre level higher than 20^y_vp^ gen- Fiberglass (OCF), with a count of 2400 tex, 

^\ erallycompnsed witfontherangeoffron^OtoTOfc by was ^ ^^Vy weight, of sheathrpowder^bre 

^volume, is preferred . was of 20:20:60. 

V> The steps from (a) to (c) of the process according to ^ semi-finished product was caused to 

the present invention can be earned out according to as 40 AU . e , . ^ fT « . 

disclosed in U.S. Pat No. 4,614,678, or in European 40 ™ 0 Jf° U *f ° V6n ^ ^ means of I. R. lamps at 

Patent 190,522, the contents of which are to be regarded + 3 °° so as to ca^e the pd^^ 

as an integrating part of the present invention. the ™ ^f ndered , ^ coUec * d on a ^ mdl ^ . 

The polymers of both the sheath and the powder can ™ e r resu \ d fS product was cut byusing a cutting unit 

be used in their pristine state, or mixed with any suitable 45 manufactured by ABR of Besano (Varese). 

additives in order to facilitate the process. In particular, If n ™* lon S granules were obtained, 

examples of such additives are the heat stabilizers and bulk ^ avit y of the ™ate™l was deter " 

the lubricants used in order to facilitate the subsequent n™* according to ASTM D1895 and resulted to be of 

molding process. 0 7 ^ cc - 

The calendering and cutting process aims at obtaining 50 EXAMPLE 2 
granules having such characteristics as to make it possi- 
ble them to be molded by means of such traditional ^ procedure as of example 1 was repeated, 
technologies as injection molding, extrusion or spin but using OCF fibre^of 4800 tex, with the weight ratio 
molding. °f sheathipolymer powder;fibre being kept at 20:20:60, 

In particular, the filament calendering is preferably 55 EXAMPLE 3 ^ 
carried out in such a way as to yield a semi-finished 

article having a bulk specific gravity higher than 0.5 The, granules prepared by means of the method dis- 

g/cc, preferably comprised within the range of from 0.6 closed in example 1 were injection-molded by using an 

to 1.5 g/cc. injection press manufactured by Metalmeccanica Plast, 

The calendering process is carried out, as known, by 60 model Pentatron 65/185, equipped with a screw of 34 

means of a pressure application associated with a tern- mm of diameter. 

perature increase. The pressure application can be ac- The molding was carried out with a temperature 
complished by means of two or more rollers between profile of from 265* to 295° C, at a revolution speed of 
which the filament is caused to run, whilst the tempera- 20 revolutions per minute (rpm). Specimens were ob- 
ture increases can be obtained by means of well-known 65 tained according to ASTM D638M and were character- 
methods in the art, for example by means of irradiation ized by means of mechanical tensile tests. A hydraulic 
with infrared lamps or by electrical resistors which heat test machine manufactured by MTS, model 3 12.3 1, was 
the surface of the rollers. used. 
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The deformations were detected by means fa strain to flow, without melting said continuous outer 

gauge manufactured by MTS, model 632.25 C-20, with sheath; and 

a measurement base of 50 mm. (e) cutting said calendered filament into granules 

The results obtained are reported in the following having a length in the range of from 2 to 100 mm. 

table. Values of tensile modulus are obtained which are 5 2. The method of claim 1, wherein said thermoplastic 

decidedly higher than those reported for analogous polymer powder is selected from the group consisting 

materials reinforced with short fibres, and close to those °f polyethylene, copolymers of ethylene with vinyl 

displayed by continuous-fibre composites. acetate, polypropylene, polystyrene, styrene copoly- 
mers, polymethacrylates, polyamides, aliphatic polyes- 

EXAMPLE4 io ter resins, aromatic polyester resins, polycarbonates, 

The procedure of example 3 was repeated, with the polyether imides, polysulfones, polyether sulfones, 

revolution speed being changed from 20 to 50 rpm. polyvinyl chloride), poly(vinylidene chloride), poly(- 

The results of the mechanical testing are reported in ^ fluoride), poly(vmyHdene fluoride), polytetrafluo- 

the table. roethylene, ethylene-tnchlorofluoroethylene copoly* 

15 mers and polyacetals. 

EXAMPLE 5 3. The method of claim 2, wherein said thermoplastic 

He procedure of example 3 was repeated, with the P?^ 3 " * fr ° m th ? foup insisting 

revolution speed being changed from 20 to 100 rpm, "J**!?^ P ° W^j»«^*f> . polyam.de 6, 

The resulte of the nLhanical testing are reported in V***"*? *S**pmd» i$ V***"*! 12, 

the t^sl ' P ol y(ethylene-terephthalateX poly(butylene tere- 

e * phthalate), poly(ethylene naphthalene dicarboxylate), 

COMPARISON EXAMPLE polyarylates, and thermotropic liquid-crystal polyes- 

ters 

Continuous filaments were prepared by using the 4 * ^ method of claim t wherein ±e ratio of said 

** m C C 25 ^o^tic polymer powder and said thermoplastic 

No. 4,614,678. polymer of said continuous outer sheath, to fiber, is 

For the sheath, a high-density polyethylene desig- ^ 2 q% by volume, 

nated Eraclene PG55, manufactured by Enichem 5. The method of claim 1, wherein said granules have 
Polimeri of Milan, was used, and as the polymer pow- a bulk specific gravity larger than 0.5 g/cc. 
der, a polyamide-6 designated Orgasol, also supplied by 30 6. The method of claim 1, wherein the melting point 
Atochem, was used. of said thermoplastic polymer of said continuous outer 

As the fiberglass, a product manufactured by Owens sheath is greater than the melting point of said thermo- 
Corning Fiberglass (OCF), of 2400 tex, was used. The plastic polymer powder. 

ratio, by weight, of sheath:powderiibre was of 7. The method of claim 1, wherein said granules have 
20:20:60. 35 a length in the range of from 2 to 15 mm. 

The resulting semi-finished articles were, not calen- 8. The method according to claim 2, wherein the 
dered and they were directly cut by using the already ratio of said thermoplastic polymer powder and said 
cited ABR shearing unit. thermoplastic polymer of said continuous outer sheath, 

Granules of 10 mm were obtained, with reported to fiber, is larger than 20% by volume, 
specific gravity of 0.36 g/co. 40 9. The method of claim 2, wherein said granules have 

Then, injection molding experiments were carried a bulk specific gravity larger than 0.5 g/cc. 
out by using the same equipment and operating condi- 10. The method of claim 2, wherein said granules 
tions as disclosed in example 3. However, no specimens have a length in the range of from 2 to 15 mm. 
could be obtained owing to feed difficulties due to the Th e method of claim 1, wherein said thermoplas- 

too low specific gravity of the material. 45 tic polymer of said continuous outer sheath is different 

from said thermoplastic polymer powder. 

TABLE . j2. The method of claim 1, wherein said fibers are 

selected from the group consisting of fiberglass, carbon 
fibers, and poly(p-phenyleneterephthalamide) fibers. 
50 13. The method of claim 1, wherein the ratio of said 
thermoplastic polymer powder and said thermoplastic 
polymer of said continuous outer sheath, to fiber, is in 
the range of from 30% to 70% by volume. 
14. The method of claim U wherein said granules 
55 have a bulk specific gravity within the range of from 0.6 
to 1.5 g/cc. 

we claim: 15 The method of claim 11, wherein said calendering 

1. A method of forming long-fiber composite thermo- temperature is above the melting temperature of said 
- plastic granules for use in extrusion, injection, or spin thermoplastic polymer powder, 
molding which comprises: 60 16. The method of claim 1, wherein said thennoplas- 

(a) impregnating, with a thermoplastic polymer pow- tic polymer of said continuous outer sheath is selected 
der, an open bundle of continuous, parallel, fibers; from the group consisting of polyethylene, copolymers 

(b) forming a continuous filament of said fibers; of ethylene with vinyl acetate, polypropylene, polysty- 

(c) coating said continuous filament with a continu- rene, styrene copolymers, polymethacrylates, polyam- 
ous outer sheath comprising a thermoplastic poly- 65 ides, aliphatic polyester resins, aromatic polyester res- 
mer; ins, polycarbonates, polyether imides, polysulfones, 

(d) calendering said filament at a temperature suffi- polyether sulfones, poly(vinyl chloride), poly(vinyIi- 
cient to cause the thermoplastic polymer powder dene chloride), poiy( vinyl fluoride), poly(vinylidene 



Tensile modulus (EX tensile strength (r) and 


elongation at break (e) of the s 


podmens of example 3-5; 


m brackets the standard deviation is reported. 
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fluoride), polytetrafluoroethylene, ethylene-trichloro- naphthalene dicaiboxylate), polyarylates, and thermo- 

tropic liquid-crystal polyesters, 

fluoroethylene cop lyraers and polyacetals. i8 ^ met hod according to claim 16, wherein the 

17. The method of claim 16, wherein said thermoplas- ratio of said thermoplastic polymer powder and said 

.ic poller of said continuous outer sheath is selected 5 £^£^2^^°^^ 

from the group consisting of ABS, SAN, poly(methyl- 19. The method of claim 16, wherein said granules 

methacrylate), polyamide 6, polyamide 6,6, polyamide nave a buIk specific gravity larger than 0.5 g/cc. 

A , + € . t „ . , , . t 20. The method of claim 16, wherein said granules 

4,6, polyamide 12, polyamide 11, poly(ethylene-tereph- 10 have a length - m the fange of from 2 tQ 15 maL 

thalate), poly(butylene terephthalate), poly(ethylene * * * * * 
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